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YIK 681.3
Heverkne BeposiTHOCTH HevyeTKHX coobiThii / A.U. IlpoBorap, A.A. IlpoBorap // KuGepHernka u
cucremubnid aHanms. 2020. Tom 56, Ne 2. C. 3-13.

In.: 0. Tabn.: 0. Bi6miorp.: 9 Haszs.

AnHoTanus. IIpeanoxeH MoaXo K HAXOXKICHHIO BEPOATHOCTHBIX XapPAKTEPUCTHK HEUETKUX COOBITHH.
BeposTHOCTH ONHUCHIBAIOTCS HEYETKUMHU TPEYTrOJbHBIMH UHCIAMH, KOTOPBIE MOTYT YJOBJIETBODSTH TEM MM
HHBIM YCIIOBHSIM. PacCMOTpeHBI NpUMEpBl BBIYMCICHUS HEYETKHX BEPOSTHOCTEH HEYETKHX COOBITHIL.

KioueBble cj10Ba: HEUCTKHE MHOKECTBA, HCYCTKUEC TPCYTOJIbHBIC YHCJIa, BEPOATHOCTHE HECYETKOTO COGBITI/ISI,
HCYCTKasA BEPOATHOCTH HCYCTKOIro coOBITHSL.

Heuitki iimoBipHocTi HewiTknx moxiii / O.1. IIpoorap, O.0. IIpoBorap // KiGepHeTnka Ta CHCTEMHHI
ananmis. 2020. Tom 56, Ne 2. C. 3-13.

AHoTanis. 3anporoHOBaHO MiIXiA OO 3HAXOKCHHS HMOBIPHICHMX XapaKTEPHCTHK HEUITKHX ITOZiH.
VIMOBIpHOCT] ONMUCAHO HEYITKUMU TPUKYTHHMH YHCIAMH, SIKi MOXYTb 3aJOBOJIBHATH TUM YH iHIIUM YMOBaM.
Po3risiHyTO npUKIamd OOYHMCICHHS HEYITKMX HMOBIDHOCTEH HEYITKHX IOJIMH.

KarouoBi cioBa: HeWiTKi MHOXHHHM, HEYiTKI TPUKYTHI 4YHCIa, HMOBIpPHICTH HewiTKoi Iofii, HediTka
HMOBIpHICTh HEUITKOI MO

Fuzzy probabilities of fuzzy events / O.1. Provotar, O.0. Provotar // Kibernetika i sistemnyj analiz. 2020.
Vol. 56, N 2. P. 3-13.

Abstract. An approach to finding the probabilistic characteristics of fuzzy events is proposed. Herewith
the probabilities are described by fuzzy triangular numbers that can satisfy one or another condition. Examples
of calculating the fuzzy probabilities of fuzzy events are considered.

Keywords: fuzzy sets, triangular fuzzy numbers, probability of a fuzzy event, fuzzy probability of a fuzzy
event.

YK 004.9
Ipumenenue biokueiiH-TexHo 10N 1151 OBbIIeHUs] KayecTBA ACY CJI0KHBIX IHHAMHYECKUX CHCTEM
/ B.B. Xuienko // Kubeprneruka u cuctemubiii anamus. 2020. Tom 56, Ne 2. C. 14-20.

In.: 1. Ta6m.: 0. Bi6miorp.: 11 Ha3s.

AHHoOTanus. PaccMOTpeHO HCIONB30BaHHE OJIOKYCHH-TEXHOJIOIHI I IOBBIICHUS] KauyeCTBa CHCTEM
YIPABJICHUS CIIOKHBIMH pacIpe/IeIeHHBIMI TUHAMUYECKUMH cucTeMaMu. [Ipe/uioskeHa TEeXHOJIOTUSI CTPYKTY-
pu3rpoBaHHOTO OyIoKYeiH-peecTpa. [IpeokeHo pelieHre BOnpoca BbIOOpa MaTeMaTHYECKOro arnapara Jjist
peanu3anyuy IaHHOH TEXHOJIOTHH.

KuroueBble c1oBa: ciioKHas paclpesie/icHHas JMHAMUYECKas CHCTeMa, OJIOKYeHH-TEXHOIOTHH, MaTeMaTHIec-
KOe MOJEIHPOBaHUE, CHCTEMA YIPABICHUS, CTPYKTYPH3UPOBAHHBINH (KIaCTEpH30BaHHBIN) OIOKUEHH-peectp,
CIIITP, MCKYCCTBEHHBIII MHTEIICKT.

3acTocyBaHHA 0JIOKYeHH-TeXHOJIOr I A migBumeHHs skocti ACY ckJIaJHUX AMHAMIYHHX cucTeM /
B.B. Xunenko // Kibeprernka Ta cucremuuii anamis. 2020. Tom 56, Ne 2. C. 14-20.

AHoTauis. Po3risiHyT0 BUKOPHCTAHHS OJOKYCHH-TEXHOIOTIH sl i IBUIIEHHS SIKOCTI CHCTEM KepyBaH-
HSl CKJIQJIHUMHU PO3MOAUICHHMH JMHAMIYHHUMHU CHCTeMaMy. HaBeleHO TEXHOJOTi0 CTPYKTYpOBAaHOTO OJIOK-
YeiiH-peecTpy. 3ampomoHOBAHO BUPIIICHHS MMUTAHHS BHOOPY MATEMaTHYHOTO amapary Ui peaji3aiii Takoi
TEXHOJIOTII.

KurouoBi c10Ba: ckiiagHa po3nojijieHa IMHAMIYHA CHCTeMa, OJIOKYEITH-TeXHOIOT1], MaTeMaTHIHE MOJIEIIIOBAH-
HS, CHCTE€Ma KepyBaHHs, CTPYKTypoBaHHII (KiactepoBaHmii) Omoxueitn-peectp, CIIIIP, mrydnuii iHTemexT.

Application of blockchain technologies to improve the quality of ACS of complex dynamic systems /
V.V. Khilenko // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2. P. 14-20.

Abstract. The use of blockchain technologies to improve the quality of control systems of complex
distributed dynamic systems is considered. The technology of structured blockchain registry is proposed. A solution
to the problem of choosing a mathematical apparatus for the implementation of this technology is proposed.

Keywords: complex distributed dynamic system, blockchain technologies, mathematical modeling, control
system, structured (clustered) blockchain registry, DSS, artificial intelligence.
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VK 519.816(045)
AJITOPUTMBI BBIBOJA pelIeHHil HA OCHOBe YHH(MIMPOBAHHBIX JIOTHYECKHX Mojeseil ynpapjieHusi /
A.E. JIutBunenko // KubGepHeruka u cucremubiii ananmu3. 2020. Tom 56, Ne 2. C. 21-30.

In.: 0. Tabm.: 0. Bi6umiorp.: 11 Ha3s.

Annoranus. IIpennosxens! yHHGHIUPOBaHHBIE (GOPMBI MOJEIEH IPEACTABICHNUS 3HAHUN B OKCIEPTHBIX
cucTeMax ympasieHus. J[0Ka3aHO, 9TO PH KOIMYECTBCHHOM H3MEPCHHH XapaKTEPHCTHK COCTOSHHUS 00BEKTa
yIPaBJICHUS 3a/ia4a BBIBOJA YHPABICHYECKOrO PELICHUs CBOAUTCS K MCCIICOBAHHIO 3a/ia4id KOMOMHATOPHOM
ONTHUMU3ALUK C JIMHEHHOH CTPYKTYPOH M JIBYCTOPOHHMMH OrpaHM4YeHHsAMHU-HepaBeHcTBaMu. [IpuBenen airo-
PUTM peLIeHWs MOJOOHBIX 3a/ad, PEaTH3yIOMMH HICI0 HAIPaBICHHOTO Iiepebopa BapHAHTOB.

KimioueBble c€j10Ba: DKCIEPTHBIC CHCTEMBI, yIPAaBICHHE, JTOTMYECKUE MOIENH, arOPUTMBI, BHIBOJ PELICHUH,
ONTUMMU3ALHS.

AJITOpUTMH BHMBeJICHHsl pilleHb Ha OCHOBi YHiikoBaHMX JIOTiYHMX Mojeseli KepyBaHHsa /
O.€. JlutBunenko // Kibepueruka ta cuctemuuii anamiz. 2020. Tom 56, Ne 2. C. 21-30.

AHoTauis. 3anponoHoBaHo yHi(ikoBaHi (hOpMHU MoJieNel TIPEICTABICHHS 3HaHb B EKCIIEPTHUX CUCTEMax
kepyBaHHs. JloBeJieHO, 1110 32 KIIbKICHOTO BUMIPIOBAaHHS XapaKTEPUCTHK CTaHy 00’€KTa KepyBaHHs 3a/ia4ya BU-
BEJICHHSI yIIPABIIIHCHKOTO PIllICHHs 3BOJMTHCS JI0 JOCIIUKEHHS 3a/1a4i KOMOIHaTOPHOT onTuMi3aLii 3 jiHiiHOO
CTPYKTYpPOIO i JIBOCTOPOHHIMH OOMEKEHHAMH-HEpiBHOCTAMI. HaBeneHo anroput™ po3s’s3aHHs MOAIOHMX 3a-
a4, KU peatidye ifero CIPsSMOBAHOTO Hepedopy BapiaHTIB.

KurodoBi cioBa: ekcriepTHi CHCTEMH, KepyBaHHs, JIOTi4HI MOJENi, AJTOPUTMH, BHBEICHHS pIIlICHB,
ONTHMI3aLlisl.

Algorithms for solutions inference based on unified logical control models / A. Litvinenko // Kibernetika i
sistemnyj analiz. 2020. Vol. 56, N 2. P. 21-30.

Abstract. Unified forms of knowledge representation models in expert control systems are proposed. It is
proved that at quantitative measurement of the characteristics of the state of the controlled object, the task of
deriving a control solution is reduced to the investigation of a combinatorial optimization problem with a linear
structure and two-sided inequality constraints. An algorithm for solving such problems is given, which
implements the idea of directional selection of variants.

Keywords: expert systems, control, logical models, algorithms, inference of decisions, optimization.

CUCTEMHU AHAJII3 SYSTEMS ANALYSIS

YIK 519.8

OnTuMH3anusi MapmpyToB KOMAaHAbI OIJIa NMPH HAJWYMH AJbTEPHATHBHBIX W JUHAMHYECKHX Aeno /
B.IL. I'op6yJun, JI.®. I'yasuunkuii, U.B. Cepruenxo // Kubepueruka u cucremusiii ananus. 2020. Tom 56,
Ne 2. C. 3141.

In.: 0. Tabn.: 1. Bibmiorp.: 29 Ha3s.

Amnnoranus. IIpennoxensl coaepxartenbHas MOCTaHOBKA U MaTEMAaTHYECKUE MOJICIIH NPOOIEM ONTUMH-
3alliM MapIIPyTOB KOMaHJIbl OSCIMIOTHBIX JeTatenbHbixX anmnaparos (BITJIA) npu obcnenoBanun niam odciy-
)KUBAHUH 33JIJAHHOTO MHOXKECTBA 0OBEKTOB NPH HAJIMYHMHU aJIbTEPHATHBHBIX M JAHAMUYECKHUX JIeTo (MecT cTapTa
W/WITM IPU3EMIICHNS) ¥ PECYPCHBIX orpanudeHnii. K Takum 3agauam, B 9aCTHOCTH, OTHOCSTCS IPOOJIEMBI ITa-
HuposaHus nonetos BITJIA, ncrons3yronmx ABmKyIHe MIaTGopMel B KauecTse Jeno. Kpurepusmn onTuMu-
3alUK SBJIAIOTCS KaK CyMMapHas JUIMHA MapIlpyToB, TaK U KOJIMYECTBO 3azeiictBoBaHHbIX BIIJIA. Paspabora-
HbI ¥ PEaM30BaHbl AITOPUTMBbI pelleHUs chOPMyIMPOBAHHBIX 3a/1a4 KOMOMHATOPHOH ONTHMH3ALMH, OCHOBaH-
HBIE Ha ONTHMH3AllMM MYpPaBbUHBIMHM KOJIOHMSIMH, Tal0y moucke M moiHoM mepedope. IlpencraBieHs!
Pe3yJIbTaThl BBEIYUCIMTENBLHOIO YKCIEPUMEHTA.

KimoueBble ciioBa: ontumusanus MapuipyTos, BIIJIA, MypaBpHHBIC alITOPUTMBI, JUHAMHYECKUE [EHO0, Taly
MOMCK, TPEMIIUHBL.

OnTuMmizanisi MApIIPYTiB KOMAHIH OIL1a 32 HASIBHOCTI a1bTEPHATHBHUX Ta JuHaMiyHuX Jeno / B.IL. I'opOy.in,
JL®. I'yasuuobkuid, 1.B. Ceprienxo / Kibepuernka ta cucremumii anamis. 2020. Tom 56, Ne 2. C. 31-41.

AHoTaLis. 3anpornoHOBaHO 3MICTOBHY [TOCTAHOBKY Ta MaTeMaTHYHI MOJeNi mpobieM onTuMisarii Map-
HIPYTiB KOMaHAM Oe3minoTHUX JitansHux anapatis (BITJIA) mix gac oGcTeKeHHs UM 00CIyroByBaHHs 3aaHOi
MHOXHHH 00 €KTIB 3a HasBHOCTI aJIbTEPHATHBHUX Ta JUHAMIUHKX Jiero (Micib cTapTy 4n/abo ¢inimry) i pecyp-
cHUX oOMexeHb. Jlo Takux IpobieM HalexkaTb, 30KpeMa, IUIaHyBaHHS 1MoIb0TiB BITJIA, mo BHKOPUCTOBYIOTH
pyxomi mmarhopMu sk nerno. Kpurepismu ontumizamii € sk cyMapHa JIOBXXKMHA MapIIpyTiB, Tak 1 KiJIbKIiCTh
3anistuux BITJIA. Po3poGiieHo Ta peani3oBaHO alropuTMH PO3B’si3yBaHHS ¢(HOPMYJIbOBAHUX 3a/1ad KOMOIiHATOP-
HOT onTHMi3alii, ki 6a3yr0Thesl HA ONTUMI3ALIT MyPAIIMHIME KOJIOHISIMH, Ta0y MOIIYKY Ta TOBHOMY Iepebopi.
HaBezneHO pe3yibTaTH OOUYMCIIOBAIBHOTO EKCIICPUMEHTY.

KuarouoBi cioBa: ontumizauis MapupytiB, BITJIA, mypamiuHi aaropuTMu, AWHAMIYHI Aeno, Taly MHOIIYK,
IPEMITIHH.
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Optimization of uav team routes at the availability of alternative and dynamic depots / V.P. Horbulin,
L.F. Hulianytskyi, I.V. Sergienko // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2. P. 31-41.

Abstract. The paper considers the problems of optimization of unmanned aerial vehicle (UAV) routes
which act as a team when inspecting or supporting a given set of objects in the presence of alternative and
dynamic depots (starting and/or landing sites) and resource constraints. Problem definition and mathematical
models are proposed. Such problems, in particular, include UAV flight planning problems, which use moving
platforms as a depot. The optimization criteria are both the total length of the routes and the number of UAVs
involved. Algorithms for solving formulated combinatorial optimization problems based on ant colony
optimization, tabu search, and exhaustive search have been developed and implemented. The results of the
computational experiment are presented.

Keywords: route optimization, UAV, ant algorithms, dynamic depo, tabu search, gremlins.

YK 517.9
O cTOXaCTHYECKOM ONTUMAJILHOM YNPaBJeHUM JIeCKPUNITOPHO# cucremoii / JI.A. Biacenko, A.I'. PyTkac,
B.B. Cemenen, A.A. Unkpunii / Kubeprernka n cucremusii anamms. 2020. Tom 56, Ne 2. C. 42-52.

Im.: 1. Tabn.: 1. Bibmiorp.: 20 Ha3s.

Annoranus. MccrnenoBana 3a1auya ONTUMAIbHOTO YNPABIIEHUs JECKPHIITOPHON CHCTEMOM, IBONIOLHMIO
KOTOPOU ONHCBHIBAIOT CTOXAaCTHUECKUM AU (depeHnnanbHo- anredpandeckuM ypaBHeHneM B cmbicie Uro. Pac-
CMOTpPEH KBaJpaTHYHBIH (yHKIHOHAT KadecTBa. OCHOBHOE OTPaHHYCHHE COCTOUT B TOM, UTO XapaKTEPUCTH-
YeCKHI ITy90K MaTPHI, COOTBETCTBYIOIIHN YPaBHEHHIO, SBIISICTCS PErYJIIPHBIM. Y CTAHOBJICHBI YCIOBHS CyIIEC-
TBOBAaHUA U €IMHCTBEHHOCTH ONTHUMAJIBHOIO YIIPaBICHHS M COOTBETCTBYIOIIErO ONTUMAIBLHOIO cocTosiHusA. Pe-
3yJbTaThl MJUIIOCTPUPYIOTCSl HAa IIPUMEPE CTOXACTMYECKOW JEeCKPMITOPHOH CHCTEMBI, ONHCBHIBAIOIIEH
NIEPEXO/IHBIC PEKUMBI B PaIHOTEXHHIECKOM (pHUIIBTPE CO CITyYaifHBIMU BO3MYIICHUSIMH B BHJIE O€I0r0 IIyma.

KuiioueBble cioBa: croxactudeckoe nuddepeHnnanbHo-anredpanuyeckoe ypaBHeHUE, BUHEPOBCKUM CIlydaii-
HBII TpoLece, KBAJPATHUHBIH (yHKIHOHA Ka4ecTBa, CTOXaCTHYECKOEC ONTHMAIbHOE YIpPaBICHUE, PaJHOTEX-
HUYECKHI (QUIBTpP, MEPEeXOIHOH PEXHM.

Ilpo cToxacThuHe onTHMAaIbHE KepyBaHHs AecKpunTopHoIo cucremolo / JLLA. Biacenko, A.I'. Pyrkac,
B.B. Cemenenp, A.O. Yukpiii / KibepHeruka ta cucremHuid ananiz. 2020. Tom 56, Ne 2. C. 42-52.

AnoTanist. J[ocitipkeHo 3a1a4y ONTHMAIBHOTO KePYBaHHS AECKPUIITOPHOIO CHCTEMOIO, SBOJIIOLIIO SIKOT OITHCY-
I0Th CTOXaCTHYHHM JU(epeHIaTbHO-AIreOpaldHiM PIBHSHHSM Yy ceHci Ito. PosnsiHyTo KBampaTndHMii (yHKITOHAT
sikocTi. OCHOBHE OOMEXKEHHS IIOJIATae B TOMY, 0 XapaKTePHCTHUHHIT JKMYTOK MaTpHIIb, SIKUI BiNOBiAae PiBHAHHIO,
€ peryIsipHuM. BCTaHOBIIEHO YMOBH iCHYBaHHS T €IMHOCTI ONITHMAILHOTO KEPYBAHHS Ta BINOBIAHOTO ONTHMAJIBHO-
ro cTaHy. Pesyibrati LIHOCTPYIOTHCS Ha NMPUKIIAZl CTOXaCTHYHOI JIECKPHIITOPHOI CUCTEMH, 1110 ONHUCYE MEpexiiHi pe-
KUMH Y PaiOTEXHIYHOMY (UIBTPI 3 BHIIAQJKOBUMH 30YpEHHSMH Yy BHUIVIAL OUIOro MIymy.

KuarouoBi ciioBa: croxacTuuHe audepeHIiaibHo-anredpaiuHe piBHSAHHS, BIHEPOBCHKHUN BHUITAAKOBHU IPOLEC,
KBaZpaTUUHUN (YHKI[OHAN SKOCTi, CTOXACTHYHE ONTHUMAaJbHE KEPYBaHHS, PAAIOTEXHIYHUI GiIbTP, IIe-
PEXiTHUH PEXHUM.

On the stochastic optimal control of a descriptor system / L.A. Vlasenko, A.G. Rutkas, V.V. Semenets,
A.A. Chikrii // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2. P. 42-52.

Abstract. We study the optimal control problem of a descriptor system, whose evolution is described by
Ito’s differential-algebraic equation. The quadratic cost functional is considered. The main constraint is that the
characteristic matrix pencil corresponding to the equation is regular. We establish the conditions for the
existence and uniqueness of the optimal control and the corresponding optimal state. The results are illustrated
on an example of a descriptor system that describes transient states in a radio engineering filter with random
perturbations in the form of white noise.

Keywords: stochastic differential algebraic equation, Wiener random process, quadratic performance
functional, stochastic optimal control, radio engineering filter, transient state.

V]IK 330.4:[338.33:631.58]
MaremMaTH4yeckoe MoJeJHPOBaHHE JHBePCHPUKALUU CeJbCKOXO035IHCTBEHHBIX KYJIbTYP B YKpauHe:
Hay4yHble MOAX0AbI M >Mmnupuyeckue pesyabtarsl / E.H. Bopoauna, C.B. Kupusiok, A.B. ®paep,

10.M. Epmoases, T.1O. Epmoabesa, I1.C. Knonos, B.M. I'op6auyk // KubepHeTHka u CUCTEMHBII aHAIIH3.
2020. Tom 56, Ne 2. C. 53-65.

Im.: 0. Tabm.: 2. Bibmiorp.: 15 Ha3s.

Annoranus. OnucaHa MOJENb JUBEPCU(PUKALINY CEIbCKOXO03SHCTBEHHBIX KYJIBTYP Ha OCHOBE MMUTALH-
OHHOT'O MOJCIMPOBAHUS M POOACTHBIX PEIICHHH, IPeHA3HAYCHHAsS I IPOSKTUPOBAHHS U Pa3padOTKU OITH-
MaJIBHOIl CTPYKTYPBI MOCEBHBIX ILIOMIA/CH /Ui TADMOHUYHOTO COYETAHHUS CEIbCKOXO3SHCTBEHHBIX KYJIBTYp C
HOCTEIICHHBIM EPEX0J0M Ha NMPHHIHIIBI yCTONYMBOrO XO3SHCTBOBAHUS B OTEUECTBCHHOM CEIBCKOM XO3f-
ficte. [IpoBenieH feTanbHBI aHAIH3 COBPEMEHHOW NPAKTHKH MOHOKYJIBTYPHOTO IPOHM3BOJCTBA M Ha OCHOBE
[POBE/ICHHBIX PACYETOB MPEIIOKEHA €ro AMBEPCU(HIMPOBaHHAs CTPYKTYpa u3 10 CelbCKOXO3sHCTBEHHBIX
KyJIBTYP, 9TO OY/ET CIIOCOOCTBOBATh YCUIICHHIO BHYTPEHHEH MPOIOBOJILCTBEHHON 0€30MaCHOCTH U FapMOHHU3a-
MM arpapHOTO Pa3BUTHS B JKOJOTMYECKOM, COLHAIBHOM H JKOHOMHYECKOM H3MEPCHHUSX.
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KimoueBble cj10Ba: cToXacTHYECKask MOJIE/Ib ONTHMH3AIMH, MOJIE/b JUBEPCU(BHUKALUN CEIbCKOX03SHCTBEHHbIX
KyJIBTYp, KOPIOPATUBHBIA CEKTOP, CTPYKTYpa IMOCEBHBIX ILIOIIAJACH.

MaremaTn4He MoJeJI0OBaHHs AHBepcHdikanii CinbCHLKOrocnogapcbKHX KyJbTYp B YKpaiHi: HaykoBi
miaxoau ta emmipuyni pesyiabratu / O.M. Bopoaina, C.B. Kupusiok, O.B. ®paep, 10.M. €pmoiibes,
T.}O. €Epmoanesa, I1.C. Knonos, B.M. I'op6auyk // KiGeprerrka Ta cucremuuii anamis. 2020. Tom 56, Ne 2.
C. 53-65.

Anoranis. OnrcaHo Mozens JTuBepcudikanii CUIbCbKOrOCHOAAPChKUX KYJIBTYpP Ha OCHOBI IMITAI[IHOTO
MO/JICTIFOBaHHS Ta POOACTHUX PIllICHb, NPU3HAYEHY IS IPOEKTYBAHHS 1 PO3POOICHHS ONTUMAIBHOI CTPYKTYPH
MOCIBHHX IUIOLL Il TAPMOHIMHOTO MOEAHAHHS CIIbCHKOTOCIIOAPCHKUX KYJIBTYP 3 MOCTYHOBUM IIEPEXOAOM Ha
3acajii CTajoro roCroAaploOBaHHs Y BITYM3HIHOMY CUIbCHKOMY TOCIIOAApCTBI. BukoHaHO AeTaibHMil aHali3 cy-
YaCHOI NPAKTHKN MOHOKYJIbTYPHOTO BUPOOHHITBA 1 HAa OCHOBI IIPOBEJICHUX PO3PaxXyHKIB 3aIIPOIIOHOBAHO HOro
JBepcr(ikoBaHy CTPYKTypy i3 10 CiIbCBKOTrOCIONAPCHKUX KYJIBTYP, IO CIPUSITHME TOCHICHHIO BHYTPIIIHBOT
IIPOIOBOJIBYOI OE3MEKH Ta rapMOHI3aLlil arpapHOro PO3BUTKY B €KOJIONYHOMY, COL[iaIbHOMY Ta €KOHOMIYHOMY
BUMipax.

KurouoBi ciioBa: croxacTHdHa MOJENb ONTHMI3aLii, MOJENb JUBepCcH(iKalii CUTbCBKOTOCIIONAPCHKUX KYJIb-
Typ, KOPHOPaTUBHUH CEKTOp, CTPYKTypa MOCIBHHX ILIOLI.

Mathematic modelling of agricultural crop diversification in Ukraine: scientific approaches and
empirical results / O.M. Borodina, S.V. Kyryzyuk, O.V. Fraier, Y.M. Ermoliev, T.Y. Ermolieva,
P.S. Knopov, V.M. Gorbachuk // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2. P. 53-65.

Abstract. The paper describes the model of agricultural crop diversification, which is based on
simulation modeling and robust solutions. The model is aimed at the design and development of the optimal
structure of crop areas for a harmonious combination of these crops with a gradual transition to the principles of
sustainable development in domestic agriculture. A detailed analysis of monocultural production in modern
practice was conducted. Performed calculations allowed suggesting diversified crop structure consisting of 10
crops ensuring food sovereignty and harmonization of agricultural development in ecological, social and
economic terms.

Keywords: stochastic model of optimization, model of agricultural crop diversification, corporate sector,
structure of sown areas.

YK 519.21

O TeopeMax O0aKCTEPOBCKOI0 THIIA /UIS O0OOIIEHHBIX TayCCOBCKMX CJY4YailHBIX HPOLECCOB ¢
He3aBucuMbIvu 3Havenusavu / C.M. Kpacuurcknii, A.A. Kypuenko // KubepHeTrHka H CHCTEMHBIH aHAIIH3.
2020. Tom 56, Ne 2. C. 66-74.

Im.: 0. Tabm.: 0. bi6miorp.: 11 Ha3s.

AnHotauus. [TocTpoeHbl MOAXOASAIINE CEMEHCTBA OCHOBHBIX (DYHKILMI M OKa3aHbI TEOPEMbl OakcTe-
POBCKOTO THMA A1 0000IIEHHBIX TayCCOBCKUX CIyYaiHBIX NMPOLIECCOB C HE3aBUCUMbIMHU 3HaueHUsIMU. [IpuBe-
JICHHBIC PE3YJIBTAThI MMO3BOJISIIOT Pa30UTh CEMEHCTBO TAKUX MPOLECCAM Ha KIJIACCHI, TAK YTO BEPOSTHOCTHBIC
MEpBbl, COOTBETCTBYIOLIME MPOLECCAM PA3JIMYHBIX KJIACCOB, CHUHIYJISPHBI.

KuioueBble ciioBa: 0000IICHHBIN CITydaiHBII IPOLIECC, TEOPEMbl OaKCTEPOBCKOTO THIIA, CHHTYJIIPHOCTh Mep.

IIpo Teopemn OakcTepiBCbKOro THHY /sl y3arajbHeHHX TraycciBCbKHX BHOAJKOBHX HpomeciB 3
He3ajesxkanmu 3HayenHssMu / C.M. Kpacuurcbkmii, O.0. Kypuenko // KibepHeTrka Ta CHCTeMHHI aHai3.
2020. Tom 56, Ne 2. C. 66-74.

Amnotanis. [ToGynoBaHo migxoxi ciM’i OCHOBHUX (DyHKIIH i JOBEJEHO TEOPEeMH OAKCTEPiBCHKOIO THUITY
JUISl y3aralbHEeHNX TayCCIBCHKHX BHIIAJKOBHX IPOIECIB 3 He3aJIeKHUMH 3Ha4eHHAMU. L{i TeopeMu 3acTocoBaHO
JUIS PO30UTTS HA KJIACH CiM’T TaKuX mporeciB. JJOBEJCHO CHHTYIISPHICTh HMOBIPHICHUX Mip, IO BiANOBIAAIOTH
nporecaM pi3HUX KJIaciB.

KaiouoBi cioBa: y3arajnbHeHHII BHIIQJAKOBHH IIPOIEC, TEOPEMH OaKCTEPIBCBKOrO THUILY, CHHIYJISIPHICTH
IMOBIPHICHUX Mip.

On Baxter type theorems for generalized random Gaussian processes with independent values /
S.M. Krasnitskiy, 0.0. Kurchenko // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2. P. 66-74.

Abstract. We construct suitable families of basic functions and prove theorems of Baxter type for
generalized Gaussian random processes with independent values. These theorems are used to divide families of
such processes into classes. The singularity of probability measures corresponding to representatives of
different classes is proved.

Keywords: generalized random process, theorems of Baxter type, singularity of probability measures.
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YK 004.023

I'eneTnyeckne aJIropuTMbl TYPHHPHOrO BbITeCHeHHs ¢ rayccoBoii wmyramueii / B.IL. Illuio,
H.H. I'mi6osen, H.M. I'ynaeBa, E.B. Huknmuxuna // Kibepueruka ta cucremuuii anainis. 2020. Tom 56,
Ne 2. C. 75-88.

In.: 5. Tabn.: 11. bibmiorp.: 11 Ha3s.

AHHoTanus. /s pemeHus 3aady MHOTOIKCTPEMAJIbHOW ONTHMU3ALUK MIPEATI0KEH HOBBIM IeHeTHYec-
KUil alnroput™ 00pa3oBaHMsl HHUII — I€HETHYCCKUH alrOPUTM TYPHHPHOIO BBITCCHEHMS C TayCCOBOIl MyTalu-
eil. TIpoBe/IcHHBII CpaBHUTENBHBIN aHAIN3 MIPE/IOKESHHOTO AITOPUTMa C JIPYTUMH aJrOPUTMaMH BBITECHEHHS
U C IapaJuIeIIbHBIM aJITOPUTMOM TTOMCKA ¢ BOCXOXK/ICHUEM K BEPILMHAM MOKa3aJl IPEUMYIECTBA pa3paboTaHHO-
TO aITOpPUTMa BO MHOTHX CITyJasx. BBeleH KpUTepHil OLCHKH CTETICHN pa3dpoca dIeMeHToB momyssiiui. [Toka-
3aHO, YTO BBIYKCICHHE ATOTO KPHTEPUSI SIBISCTCS [[ETECO0OPA3HBIM [UTs OIIEHKH KadeCTBa paboThl AlrTOPUTMOB
MOKCKa TJIOOANBHBIX U JIOKAIBHBIX MAaKCHMYMOB.

KiroueBble c10Ba: 3a1a4a MHOI‘O3KCTpeMa.TII;H0ﬁ ONTUMH3AUN, TCHETUYECKUE aJITOPUTMBI 06pa30BaHI/I$I HHII,
AJIITOPATMBI BBITCCHCHUA, napanneJn,HHﬁ AJITOPUTM MOUCKA C BOCXOXKICHUCM K BCPIIMHAM, TOJIA JIOKHBIX ITH-
KOB.

I'eHeTHYHi aJITOPUTMH TYPHIPHOI0 BHTHCHEHHs 3 raycoBoro mytauiero / B.IL. Illuao, M.M. I'uéosens,
H.M. I'ynaeBa, K.B. Hikimixina // Kidepueruka ta cucremunii ananis. 2020. Tom 56, Ne 2. C. 75-88.

Amnotanisi. [l po3s’s3aHHS 3a/1a4 6araTOEKCTPEeMaIbHOI ONTHMI3aLii 3aIIPONOHOBAaHO HOBHII T'€HETHY-
HHI aITOPHTM YTBOPEHHS Hilll — TeHETHYHUH aATOPUTM TYPHIPHOTO BUTHCHEHHS 3 FayCOBOIO MyTatiero. IIpo-
BEJICHO IOPIBHSUIBHUI aHami3 HOTo 3 iHIIMMHU alrOPHTMAMU BUTUCHEHHS Ta 3 TapajelbHUM alfOPUTMOM CXOA-
JKEHHsI Ha BEpILUHU, SKUH MOKa3aB NnepeBaru po3poOiIeHoro ajaropuTMy y 0araTbox BuIajgkax. BeeneHo kpu-
Tepiil OIIHIOBaHHS CTYIEHS PO3MOPOILICHOCTI €JNEMEHTIB TOMyJISIii Ta MOKa3aHO, IO OOYHCICHHS IHOTO
KPUTEPIIO € JOLIIBHUM IS OLIHIOBaHHS SKOCTI POOOTH aJIrOPHTMIB MOIIYKY INIOOAIBHUX Ta JOKAIBHUX MaK-
CHMYMIB.

KuiouoBi ciioBa: 3aaua GaratoekcTpeMaibHOI ONTHMI3alil, TeHETHYHI aITOPUTMH YTBOPEHHS Hilll, aIrOPUT-
MM BHUTHCHEHHSI, TapajielbHUi alropuTM CXOJDKCHHs Ha BEPIUMHHM, YacTKa XMOHMX IIiKiB.

Tournament crowding genetic algorithms based on Gauss mutation / V.P. Shylo, M.M. Glybovets,
N.M. Gulayeva, K.V. Nikishchikhina // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2. P. 75-88.

Abstract. To solve multimodal optimization problems, a new niching genetic algorithm named
tournament crowding genetic algorithm based on Gauss mutation is proposed. A comparative analysis of this
algorithm to other crowding algorithms and to parallel hill-climbing algorithm has shown the advantages of the
proposed algorithm in many cases. The FPR criterion to estimate the distribution of population elements is
proposed and it is shown that computation of this criterion is advisable to estimate algorithms solving
multimodal problems of finding global and local maxima.

Keywords: multimodal optimization problem, niching genetic algorithms, crowding algorithms, parallel
hill-climbing algorithm, fake peak ratio.

VK 517.2+519.977.58+519.8
O0o0meHHbIe TPAaAHEHTHI B 3aJa4aX JHHAMHYECKOHl ONTHMU3ALNUH, ONTHMAJILHOIO YNPaBJEeHHs W
MaumHHoro odyuenusi / B.M. Hopkun // Kubepueruka u cucremusiii ananus. 2020. Tom 56, Ne 2. C. 89-107.

In.: 0. Tabn.: 0. Bi6umiorp.: 59 Ha3s.

AnHoTanus. PaccMOTpeHbI HEIUIaAKHE HEBBITYKIIBIC 3a1a4l JUHAMUYECKON ONTHMU3ALUH, ONITUMAJIbHO-
ro yrnpaBiieHus (B AUCKPETHOM BPEMEHH), B TOM YHCIIC YIIPABICHHs ¢ 0OpaTHON CBSA3bIO, M MALIMHHOTO 00yue-
nust. [Ipocnexena aHanorus Mex/y 3aJa4aMi YIPaBJIeHHs AUCKPETHBIMU TMHAMHYECKHMH CHCTEMaMH M 3aj1a-
yaMH OOy4YeHHs MHOTOCJIONHHBIX HEHPOHHBIX CeTell ¢ HerJIaiKuMHU LEeJEBBIMH (YHKIHOHAIAMH ¥ CBSI3SIMH.
OO00CHOBaHBI METO/IBI BEIUHCIICHHSI 000OMIEHHBIX TPAAUCHTOB UIsI TAKAX CHCTEM Ha OCHOBE (pyHKuumil ['aMuiis-
ToHa—TloHTpsirnHa. 'pajueHTHBIC (CTOXaCTHYECKUE) alrOPUTMBI ONTHMAIBHOTO yIPABICHUS U 00y4YeHHUs pac-
HPOCTPAHSIOTCS HA HEBBITYKIIBIC HEIVIAJKUC ANHAMHYCCKHE CHCTEMBI.

KaroueBble cj10Ba: JMHAMUYECKAs ONTHMH3AIMS, ONTUMAIBHOE YIPaBICHHE, MAIIHHHOE 00y4YeHHE, MHOTOC-
JIOWHBIC HEHPOHHBIE CETH, INIyOOKOe 0Oy4YCHHUE, HEeraaKas HEBBIIYKIas ONTHMHU3ALUS, CTOXaCTUYECKast ONTH-
MU3alHUs, CTOXaCTUYECKMH OOOOIICHHBIH T'PAJMEHT, CTOXAaCTUYECKOE CIIIAKUBAHUE.

Y3arajbHeHi rpajlieHTH B 3aja4ax AMHAMi4HOI onTHMi3auii, ONTHMAJBbHOI0 KePYBaHHS Ta MALIMHHOIO
naByanus / B.I. Hopkin // KiGepuetnka ta cuctemuuii anamiz. 2020. Tom 56, Ne 2. C. 8§9-107.

AnoTanis. Po3risiHyTO Hermanki HEOMyKJIi 3ajadi IMHAMIYHOI ONTHMIi3alii, ONTUMAILHOTO KEepyBaHHSI
(y AnckpeTHOMY 4Yaci), 30KpeMa KepyBaHHS 31 3BOPOTHUM 3B’S513KOM, 1 MAIIMHHOTO HaBYaHHS. [IpoCTexReHO aHa-
JIOTi}0 MIX 33a7a4aMi KEPYBaHHs AUCKPCTHUMH AMHAMIYHUMU CHCTEMaMHM Ta 33Ja4aMi HaBYaHHsS Oaratorapo-
BHUX HEHPOHHHMX MEPEX 3 HErNIQJKUMHU LIIbOBUMH (yHKLIOHATaMu Ta 3B’s3kamu. OOIpyHTOBAHO METOAM 00-
YUCJICHHS y3araJbHCHHX TPAdI€HTIB Uil TakuX cHUcTeM Ha OcHOBI ¢yHkuiii [aminmsrona—IlonTpsrina.
I'pazieHTHI (CTOXACTHYHI) aJITOPUTMHU ONTHMAIBHOIO KEPYBAHHS 1 HABYAHHS MOLIMPIOIOTHCS HA HEOIYKJIi He-
IIajKi JUHAMIYHI CHCTEMH.
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KumiouoBi ciioBa: muHaMiuHa ONTHMI3ALlis, ONTUMAIbHE KEPYBaHHs, MAIIMHHE HABYAHHsI, 0araTomaposi Heii-
POHHI Mepexi, ITHOoKe HaBYaHHSI, HEIJIaKka HeOMyKia ONTHMI3allis, CTOXaCTHYHA ONTHUMI3allisi, CTOXaCTHYHUH
y3araJlbHeHUI TPaJiEHT, CTOXACTUYHE 3IJIaJKyBaHHSI.

Generalized gradients in dynamic optimization, optimal control, and machine learning problems /
V.I. Norkin // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2. P. 89-107.

Abstract. Problems of nonsmooth nonconvex dynamic optimization, optimal control (in discrete time),
including feedback control, and machine learning are considered from a common point of view. An analogy
between controlling discrete dynamical systems and multilayer neural networks learning problems with
nonsmooth functionals and connections is traced. Methods for computing subgradients for such systems based
on the Hamilton—Pontryagin functions are developed. Gradient (stochastic) algorithms for optimal control and
learning are extended to nonconvex nonsmooth systems.

Keywords: dynamic optimization, optimal control, machine learning, multilayer neural networks, deep
learning, nonsmooth noncovex optimization, stochastic optimization, stochastic generalized gradient, stochastic
smoothing.

VK 519.85
MHoro3Tanublii  MOAX04 K PpelleHHI0 ONTHMHU3ALMOHHOW 321a4M  YNAKOBKH  HEBBINYKJBIX

mHororpanHukos / FO.I'. Crosin, A.M. Uyraii / Kubepneruka u cuctemusiii ananu3z. 2020. Tom 56, Ne 2.
C. 89-107.

In.: 7. Tabn.: 0. BiGmiorp.: 18 Ha3s.

AHHoTanus. PaccmarpuBaercs 3ajiaua yIakOBKM HEBBITYKJIBIX MHOIOTPAaHHUKOB B KOHTEHHEp MHHH-
MaJIbHOTO 00bema. ITocTpoeHa ToYHas MaTeMaTH4ecKasi MOJIEIb 3a/1a4i YIAKOBKH HEBBITYKIJIBIX MHOTOIPaHHH-
KOB, KOTOpBIE JIOMYCKAIOT HENPEephIBHBIC TPAHCISALUKM U MOBOPOTHI. AHAIN3UPYIOTCS CBOMCTBA MaTeMaTHdec-
KO# MOJIeNii, Ha OCHOBAaHMU KOTOPBIX pa3pabOTaH MHOTOATAIHBIN MOAXO/ K PELICHHIO 3a1a4u. Takoil moaxon
MO3BOJISICT MOJIYYUTh ONTUMAIbHOE PELICHHE, KOTOPOE B OOIIEM Cilydae HE SIBISCTCS I100AJIbHBIM MUHUMY-
MOM, HO SIBJISIETCSI JIOKa3aHHBIM JIOKAJIBHBIM MHUHUMYMOM. [IpuBE/ICHBI YHMCIIEHHBIE MPUMEPBI.

KiroueBble €/10Ba: yrnakoBKa, HEBBIIYKJIbIC HCOPUCHTHPOBAHHBIC MHOrOpaHHUKH, D-(yHKIWs, HEIHHEHHOE
[IPOrPaMMHPOBaHHE.

Bararoeranumii mixxizx 10 po3p’sA3aHHs oNTUMI3aLiiiHOI 321a4i IaKyBaHHS HEONMYK/INX 0araTorpaHHUKIB
/ YO.I'. Crosin, A.M. Yyraii // Kibepueruka Ta cucremuuii anamiz. 2020. Tom 56, Ne 2. C. 89-107.

AuoTanisi. Po3risiHyTo 3amauy HakyBaHHS HEONMYKINX OaraTOrpaHHHUKIB y KOHTEHHEpP MiHIMabHOTrO
00’emy. [ToOynoBaHO TOUHY MaTeMaTH4Hy MOJENb 3a]adi IaKyBaHHs HEONYKIMX 0araTOrpaHHMKIB, IS KX
MOXKITMBI HETIEPEpBHI TPAaHCIISLIT Ta MOBOPOTH. [IpoaHai3oBaHO BIACTUBOCTI MAaTEMATHYHOT MOJIETI, HA OCHOBI
SIKHX PO3POOJICHO OaraToeTalmHuil MiAXix 10 po3B’sA3aHHA 33/adi, IO Ja€ 3MOTY 3HAWTH ONTUMAIBHUH PO3B’s-
30K, SIKMH B 3arajlbHOMY BUIAJKy HE € TI100aJbHAM MiHIMyMOM, ajie € JI0OBEACHUM JIOKaJbHUM MiHiMymom. Ha-
BEJCHO YHCEIIbHI MPHKIaIN.

Kutio4oBi c10Ba: makyBaHHS, HEOyKJI HeopieHTOBaHi Oararorpanuuky, O-yHKIis, HeNiHiIfHe MPorpaMyBaHHs.

Multistage approach to solving the optimization packing problem for concave polyhedra / Y.G. Stoyan,
A.M. Chugay // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2. P. 89-107.

Abstract. The paper considers the problem of packing concave polyhedra into a container of minimal
volume. The aim of our investigations is construction of an exact mathematical model of the packing problem
of concave polyhedra with continuous translations and rotations. Characteristics of the mathematical model are
analyzed and are used as the basid to develop a multistage solution approach to obtain a nearly optimal solution
which is not a global minimum solution but a proved local minimum. Numerical examples are given.

Keywords: packing, concave polytopes, ®-function, nonlinear optimization.

V]IK 62-503.57:622.24

OnruMajbHOe pacnpeielieHHe HPOXOAKH MO IIy0OHMHe CKBasKHHBI B YCJOBHSIX HeolpeleJeHHOCTH /
M.U. TI'op6uiiuyk, O.T. Jlazopus, SI.1. 3asuyk // Kubepueruka u cucremuslii anamms. 2020. Tom 56, Ne 2.
C. 119-128.

In.: 2. Tabn.: 1. Bibmiorp.: 12 Ha3s.

AnHoTanus. Pemena 3aga4ya onTUManbHOrO PaclpeieNeH s MPOXOJO0K M0 TIIyOuHe CKBaXKUHBI Ha CITy-
4aif, Korja napaMerpsl KpUTEPUs ONTHMATLHOCTH HHTEPIPETHPYIOTCS Kak HeueTkue yucia. Takoe JomynieHne
TI03BOJINJIO ISTEPMUHUPOBAHHYIO 33124y HEJIMHEHHOro MPOrpaMMHPOBAHHUS IepedOpMyIHPOBATh B 3a/1a4y He-
YETKOr0 HEJIUHEHHOro IporpaMMUpoBaHust. D(P(EKTHBHOCTD MPEUIOKESHHOTO MeTo/a MOATBEPIKICHA MMHTa-
IIIOHHBIM IPHMEPOM.

Kuarouesble ciioBa: OypeHue, KpUTEPUi ONTUMAIbHOCTH, IPOXO/IKA, HEYETKHE YKCI1a, UMUTALIMOHHbIA IIpUMEp.
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OnTumMajibHUii Po3NOJiT NMPOXOJOK 32 IVIMOMHOKI CBEepVIOBMHM B YMOBaxX HeBU3HadeHocti / ML
Top6iituyk, O.T. Jlazopis, SI.I. 3asuyk // Kibepmeruxa Tta cucremuumii amamis. 2020. Tom 56, Ne 2.
C. 119-128.

AmnoTanist. Po3s’s3aH0 3a/ja4y ONTHMAIBHOTO PO3NOALUTY NPOXOIOK 32 INIMOWHOIO CBEPIJIOBUHU UL BH-
IaaKy, KOJIM MapaMeTpH KPUTEPIl0 ONTUMATbHOCTI IHTepHIPeTyIOTECS K HediTki uucna. Take NpUITyIIeHHs 1alio
3MOT'y JIETepMiHOBaHY 3a/iady HENIHIHHOTO MpOrpaMyBaHHs TepedopMyIIFOBaTH Y 3a/1ady HE4iTKOTO HETiHIMHOTOo
nporpamyBaHHs. E(EeKTHBHICTH 3arpONOHOBAHOIO METOJy IMiJATBEP/UKEHO IMITALIHHUM IMPUKIIAOM.

KoarouoBi ciaoBa: OypiHHS, KpuTepiil OonTHMalIbHOCTI, NPOXOAKA, HEUITKI YMCIA, IMITAiHHMI MpPUKIaL.

Optimal distribution of piercing by depth of a well under uncertainty / M.I. Gorbiychuk, O.T. Lazoriv,
Y.I. Zaiachuk // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2. P. 119-128.

Abstract. The poblem of optimal distribution by depth of mining hole is solved for the case where
parameters of optimality criterion are fuzzy numbers. This assumption made it possible to transform a
deterministic nonlinear programming problem into a fuzzy nonlinear programming problem. Efficiency of the
proposed method is confirmed by a simulation example.

Keywords: drilling, optimality criterion, driving, fuzzy numbers, simulation example.

VK 519.85

Metoa pemieHusi 3aJa4Yd YCJIOBHOH ONTHMHU3ANUH ¢ KBAJPATHYHOH (YHKIHMell IeJHM HA MHOXKeCTBe
nepecranoBok / I'.A. Jlonen, JI.H. Kosneuknna, A.H. Haropnas // KubepHeruka u cucreMHblii ananu3. 2020.
Tom 56, Ne 2. C. 129-140.

Dn.: 0. Ta6m.: 0. BiGuiorp.: 27 Ha3s.

AnHoTanus. PaccMoTpeHa 3a/1aua Ha MHOXKECTBE TIEPECTAHOBOK € KBaJApAaTHYHOH (DYHKIHMEH Lean U J10-
TIOJIHUTEIbHBIMY JIMHEHHBIMH OrpaHudeHusMuU. [Ipeanoxen MeTon pereHus chopMyJIHPOBAHHOMN 3aauH, KO-
TOpBIN BKITIOUAeT JBa dTana. Ha mepBoM dTare HaXoJuTcss MHOKECTBO OMOPHBIX pemeHuid. CocTaBIseTcs KBaj-
patH4Has (YHKIHS UL COOTBETCTBYIOLICH TPaHCTIO3UIUH M (GOPMHPYIOTCS MOJ3aaud C JONOIHHUTEIbHBIMH
orpaHudCHMsIMH. [Ipy NX PEIICHHH HAXOANUTCS MHOXKECTBO OIOPHBIX PELICHMUH, YIOBICTBOPSIONIMX OrpaHHYe-
HUSIM OCHOBHOH 3a1a4u. BTOpoit 3Tam 3aKirodaeTcst B HAX0XKACHHU ONTHMAIBHOTO PELICHHS U3 MOJMHOKECTBA
OINTHUMAJIBHBIX PEHICHHII M MHOXECTBA JIOIyCTHUMBIX PEIICHHMIA.

KiroueBble cj10Ba: yclIoOBHAS ONTUMH3AIMS, KBaAPaTHUHAs (QYHKIH, MHOXKECTBO IEPECTAHOBOK, TPAHCIO3H-
IS DIIEMEHTOB, IPUPOCT (QYHKIUH, IPUPOCT OTPAHUUYCHHS, MHOKECTBO JOIyCTHMBIX PELICHUI, MHOXKECTBO
ONOPHBIX pELICHUH, ONTUMAJILHOE pEILICHHE.

MeToa po3B’si3yBaHHsi 3ajadi yMOBHOI onTumisanii 3 KBaJpaTH4YHOI (YHKUiE Wiai HAa MHOKUHI
nepecranoBok / I'.Il. lonens, JI.M. Koseuxina, A.M. Haripna // Kibepreruxa Ta cucremuuii anamiz. 2020.
Tom 56, Ne 2. C. 129-140.

AmnoTanisi. Po3risiHyTO 331a9y Ha MHOXHHI IIEPECTAHOBOK 3 KBaJPATHIHO (DYHKIIEI0 ML 1 JOJaTKOBH-
MH JIIHIHHIMU 00OMEKSHHAMH. 3aIPOIIOHOBAHO METOJ| PO3B’s13aHHs CQOPMYIILOBAHOI 3a1a4i, KU CKIaNaeThCs
3 aBOX eramiB. Ha mepmiomy erami 31iHCHIOETBCSI 3HAXOPKEHHSI MHOXKMHH OIOPHUX PO3B’si3KiB. CKIIaaeThes
KBaJpaTuyHa (QYHKIIis VIS BiNOBIHOT TpaHco3uii i GopMyIoThes mij3anadi 3 10aTKOBUMU 0OMEKECHHSIMH.
Jl1s IXHBOTO PO3B’sI3aHHS 3HAXO/ATH MHOXKMHY OIOPHHMX PO3B’SI3KiB, IO 33J0BOJIbHSE OOMEKEHHS OCHOBHOI
3azaui. [pyruii eran nojsrae B 3HaX0KEHHI ONTHMAJIBHOTO PO3B’SI3KY 3 IIIMHOKUHH ONITUMAIIBHUX PO3’sI3KIiB
1 MHOXHHH JIOIyCTUMHUX DO3B’S3KiB.

KumiouoBi cjioBa: yMOBHA onmTHMi3allis, KBaApaTHuHa (YHKIIS, MHOXKHHA MEPECTAHOBOK, TPAHCIIO3MIIIS elie-
MEHTIB, TIpupicT QYHKIi, TPUPICT 0OMEXEHHS, MHOXKHHA JOIMYCTUMUX PO3B’SI3KiB, MHOXKHHA ONOPHUX PO3-
B’SI3KiB, ONTHUMAJBHUI PO3B’SI30K.

A method to solve the conditional optimization problem with a quadratic objective function on the set of
permutations / G.P. Donets, L.M. Koliechkina, A.M. Nahirna // Kibernetika i sistemnyj analiz. 2020.
Vol. 56, N 2. P. 129-140.

Abstract. The problem with a quadratic objetive function and additional linear constraints is considered
on the set of permutations. A solution method is proposed, which consists of two stages. At the first stage, the
set of support solutions is found. A quadratic function is composed for the corresponding transposition and
sub-problems are generated with additional constraints. A set of supporting solutions that satisfy the constraints
of the main problem can be found in the course of their solution. The second stage is to find the optimal
solution from the subset of optimal solutions and the set of feasible solutions.

Keywords: conditional optimization, quadratic function, set of permutations, transposition of elements,
increase in function, increase in constraint, set of feasible solutions, set of support solutions, optimal solution.
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YIK 519.816

CucreMa mOMAEPKKH TNPHHATHS PelIeHMil ISl pelleHHs] MHOTOKPHTEPHAIBHBIX 3aJad NpH
Hcesae10BaHUU cI0KHBIX cucteM / M.M. Iloremkun, A.B. Jdy6asu, P.b. Xomuak // Kubepneruka u
cucteMubiid aHanms. 2020. Tom 56, Ne 2. C. 141-148.

In.: 4. Tabn.: 1. Bi6miorp.: 18 Ha3s.

Annotanus. [IpuBeieHO onMcaHne CHCTEMBI ITOIEPIKKH IPUHATUS PELICHUH VIS PEIICHNUs] MHOIOKPH-
TepHAIBHBIX 3a/1ad IIPU HCCIEAOBAHUH CIOXHBIX CHCTEM, B CIydae, KOrJa pacCMaTpHBACTCS KOHEYHOE MHO-
JKECTBO aNbTePHATHB, XapaKTEPUCTUKH KOTOPBIX 33JaHbl B TAOIMYHOH (opme. B ee 0CHOBY HONOXKeH aHAmu3
9TAIHOCTH TIPOBEICHNUSI YKa3aHHBIX MCCIIEIOBAHUM, IO Pe3yJbTaTaM KOTOPOTO ONpe/eNeHbl TpeOOBaHUI K TH-
1aM 3a71a4, KOTOpPBIE JIOJKHBI PELIAaThCs C €€ HCIOIb30BaHUEM, U IEPEUHIO METOJI0B, KOTOPBIH B Hell 1ienecoo6-
pa3HO peain3oBaTh. PacCMOTpeHHast CHCTeMa MOJJICPKKH HMPHHSITHS PEILCHHH NpeaHa3HaYeHa Uil PEIICHUs
3a/1a4 B YCJIOBHSX OINPEJEIEHHOCTH, a TAK)KE CTOXAaCTHYECKOM M HECTOXAaCTHYECKOH HeonpeieneHHocTu. B co-
OTBETCTBHHU C OCHOBHBIMH JTaIllaMH HCCJIEIOBAHUS CIOXKHBIX CHCTEM B HEll peaan30BaHO Psii MHOTOKPUTEPH-
AIBHBIX METOJ0B, KOTOPEIE IO3BOJIAIOT OILICHUBATH B3aHMOCBSI3H MEXTY (haKTOpaMH, CBSI3aHHBIMU C e¢ (yHK-
LHOHUPOBAHUEM, OIpPEJEIATh BaKHOCTH IIOKa3aTelell, KOTOPHIMH OHA XapaKTepH3yeTCsl, OCYIIECTBIATH II0-
CTpOCHHME IIPUOPUTETHOTO DsAAa pPacCMaTPUBAEMBIX albTE€PHATUB HIM (OPMHUPOBATH PO aIbTEPHATHB,
MEPCHEKTHBHBIX VISl JTaJbHEHIINX HCCIICIOBaHHM.

KiroueBble c/10Ba: anpTepHATHBA, MHOTOKPHUTEPHAIBHOC MPHHATUC PELICHUH, MeTOx (OPMHPOBAHHSA SIpa,
METOZI PAaHKUPOBAHUS.

Cucrema NiATPMMKH NPHIHHATTS pilleHb I8 PO3B’si3aHHsA 0araToKpuTepiiiHMx 3agauy mig yac
nociaipkennst ckiaagaux cucrem / M.M. Horbomkin, O.B. Ayouasin, P.b. Xomuak // Kibepuernka Ta
cucremuuii anamiz. 2020. Tom 56, Ne 2. C. 141-148.

Amnoranis. Haserneno ommc cHCTeMM MIITPUMKH HPHUHATTS pIICHb UIL PO3B’S3aHHSA 0araTOKpH-
TEPIHHMX 3a/1a4 MiJ] yac JOCIIUKEHHS CKJIQJHUX CUCTEM, KOJIM MOTPIOHO MpOaHalli3yBaTH CKiIHUCHHY MHOKHHY
JIbTEPHATUB, XapaKTEPUCTHKHU SKUX 337aHO B TaOJIM4HIil (opmi. B Ti 0CHOBY IOKIIaIEHO aHaIIi3 €TalHOCTI IIPO-
BEJICHHS 3a3HAUCHUX JOCITIIKEHb, 32 Pe3y/IbTaTaMHU SIKOTO BH3HAYEHO BUMOTH 0 THIIIB 3aJad, [0 MaloTh OyTH
pO3B’si3aHi 3 11 BUKOPUCTAHHSM, Ta IEPENIiKy METOJIB, Ki B Hill JOLIBHO peaiisyBartu. Po3risHyTa cucrema
MIITPUMKH MPUHHATTS PillieHb NPH3HAYCHA JUI PO3B’S3aHHS 33/a4 B YMOBaX BH3HAYCHOCTI, @ TAKOXK CTOXAcC-
TUYHOI Ta HECTOXACTUYHOI HEBU3HAYEHOCTI. BiNOBIAHO 0 OCHOBHUX €TamiB JOCHIIKEHHS CKIAJHOI CHCTEMH
B Hiil peasi30BaHO HU3KY 0araTOKPUTEPIHHUX METO/IB, sIKi TaI0Th 3MOTY OLIHIOBATH B3a€MO3B SI3KH MK (aKTo-
pam, NOB’s3aHUMHU 3 ii (PYHKIIOHYBaHHSM, BH3HA4YaTH BAXJIMBICTH IOKA3HHKIB, IO il XapaKTepHU3YIOTb,
301HCHIOBATH ITOOYI0BY IPIOPHTETHOTO PSTY PO3IIAAYyBaHUX albTepPHATHB a00 (HOpMyBaTH SAPO aIbTEPHATHB,
HMEPCNEKTUBHUX [T IMOJANIBLION0 aHawi3y.

KurouoBi ciioBa: anbrepHaTuBa, 0araTOKpuUTEpiiHE NMPUIHATTS pilIeHHS, METOJX (OPMYBAHHS S/Ipa, METOJ
paHXyBaHHS.

Decision-making support system for solving multicriteria problems in the analysis of complex systems /
M.M. Potomkin, O.V. Dublian, R.B. Khomchak // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2.
P. 141-148.

Abstract. The paper describes a decision-making support system for solving multi-criteria problems
during the analysis of complex systems, in the case where a finite set of alternatives whose characteristics are
given in tabular form is considered. It is based on the analysis of the phasing of such studies whose results
determine the requirements for the types of problems to be solved with its use and the list of methods that are
expedient to implement The considered decision-making support system is designed to solve problems under
certainty, as well as stochastic and non-stochastic uncertainty. In accordance with the main stages of the
analysis of complex systems, it implements a number of multi-criteria methods that allow to assess relationships
between the factors associated with its operation, determine the importance of the indicators that characterize it,
generate a priority series of the considered alternatives, or form the kernel of alternatives that are promising for
further research.

Keywords: alternative, multi-criteria decision making, kernel generation method, ranking method.

YK 519.21

O0 oaHOM MeToJe TMpeIBAPUTEIBHOIO INPOrHO3a BPEeMEHHBIX PSAA0B (GUHAHCOBBIX JAHHBIX /
A, Iaramsuiau, UL Juamanunse, I'.A. Kaxuauu, T.A. ®omuna // KubepHeTrnka 1 CHCTEMHbII aHAIIN3.
2020. Tom 56, Ne 2. C. 149-156.

Dn.: 1. Tabm.: 0. Bi6miorp.: 4 Ha3Bu.

AnnoTtanus. PaccmoTpena nmpo6iemMa IpOrHO3HPOBAHUST BPEMEHHBIX PANOB LIEH aKIUH BEIYIIHX MUPOBBIX
KOMIIaHHUH, KOTOPBIM CBOHCTBEHHA JOJITOBPEMEHHAs MaMsTh. JleaeTcs IperonokKeHue, 9To HTHOPHPOBAHUE Ha-
JIM4Hs TOJJ00HOH KOPPEJISIMOHHOM CTPYKTYphl BDEMEHHBIX PSI0B C IPUMEHEHHEM TPaJIHIIHOHHBIX METO/I0B aHa-
JIM3a TPUBOJMT K IOSBJICHHIO 3HAUMTEIBHO OOJBILICH MOTPEHIHOCTH, YeM YYeT JOJIrOBPEMEHHOH MaMsATH IPH
(haxTHueckoM orcyTcTBUH. IIpenmonaraercs, 4To KoieOaHUs LeH Ha HHCTPYMEHTH! (PHHAHCOBOTO PBHIHKA OITHCHI-
BAIOTCs IporeccoM XepcTa, KOTOPEIM MOJEIUPYIOT IPOLECCH ¢ HOITOBPEMEHHON MaMAThI0. Takoil BpeMeHHOU
psio He MOXKeT OBITh 3()(PEKTHBHO MPOAHATU3UPOBAH C TIOMOMNIBIO TPAJUIMOHHBIX CTAIIOHAPHBIX MOJEIeH, KOTO-
PpbIe TIOTHOCTBIO UTHOPUPYIOT 3TOT (akT. CTaBUTCS 33aya: ¢ UCIOIb30BAHUEM PACCMAaTPUBAEMOr0 METO/A yCTa-
HOBUTH HaJIM4U€ JOJrOBPEMEHHON NMaMATH y MCXOJHOIO BPEMEHHOrO psifia M ONpEJEIUTh €ro THIL.

KiioueBble ci10Ba: BpeMEHHBIC Psbl, (pakTan, HEHPOHHBIC CETH.
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IIpo oauH MeToA MoONepeHLOr0 NPOTrHO3YBAHHS YacoBHX psiAiB (inaHcoBux ganux / A.Jl. Hlaramsini,
LII. dinmaninze, I'.O. Kaxiani, T.O. ®omina // KibepHeruka ta cucremuuii ananiz. 2020. Tom 56, Ne 2.
C. 149-156.

AHoTauis. Po3risiHyTo npoGiieMy MpOrHO3yBaHHS YacOBHMX PSIIB LiH aKIii MPOBIJHUX CBITOBHX KOM-
naHiif, SKUM BIACTUBA JOBrOTEPMIiHOBA Mam’sTh. 3pOOJECHO MPUIYIISHHs, LI0 Y pa3i 3acTOCYBaHHS Tpa-
JULIHHAX METOAIB aHaJi3y IrHOPYBaHHS HAsBHOCTI MOI0HOI KOPEILIHHOI CTPYKTYPH YacOBUX PSIIIB MPU3BO-
JIUTH JI0 TIOSIBH 3HAUHO OLNBINOT MOXMOKH, HiXXK BpaxyBaHHS JOBIOTEPMiHOBOI mam’siTi 3a dakruuHoi 11 BigcyT-
HocTi. IlepenOavyaeTsesi, 110 KOJMBAHHS LiH HA IHCTPYMEHTH (DIHAHCOBOTO PUHKY ONHUCYIOTHCS HPOLECOM
T'epcra, sikuii MOJENIOE MPOLIECH 3 JOBrOTEPMIHOBOKO HaM’sTTIO. Takuil 4acoBUU psil HE MOXKHA €(hEKTHBHO
aHaNi3yBaTH 3a JOMOMOTOI0 TPAAMLIIHUX CTA[IOHAPHUX MOJeJIeil, sSKi MOBHICTIO irHOpYIOTH 1eil daxr. Cra-
BHUTHCS 33/la4a — 3 BUKOPHCTAHHSAM PO3IJITHYTOTO METO/Y BCTAHOBUTH HASBHICTH JOBrOTEPMIHOBOI IaM’ATi y
BHUXIJTHOTO YacoBOIO PsTy 1 BH3HAYMTH HOTO THIL.

KurouoBi ciioBa: uyacoBi psjau, ¢paxran, HEWPOHHI Mepexi.

A method of preliminary forecasting of time series of financial data / A.D. Shatashvili, I.Sh. Didmanidze,
G.A. Kakhiani, T.A. Fomina // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2. P. 149-156.

Abstract. The problem of forecasting the time series of stock prices of leading global companies that are
characterized by long-term memory is considered. It is assumed that ignoring the presence of such a correlation
structure in time series using traditional methods of analysis leads to a much greater error than taking into
account long-term memory in its actual absence. It is assumed that the daily fluctuations in prices for financial
market instruments are the Hurst process, that is, they have long-term memory, which means such a time series
cannot be effectively analyzed using traditional stationary models that completely ignore this fact. Thus, the
task is set, using the R/S analysis method, to determine the presence of long-term memory in the initial time
series, to determine its type.

Keywords: data series, fractal, artificial neural networks.

VIK 519.217

O Heo0XOAUMBIX M JAOCTATOYHBIX YCJIOBUSIX YCTOHYMBOCTH B CpeJHEeM KBaJApPaTHYHOM JIMHEHHBIX
CTOXAaCTHYEeCKHX JH(pPepeHnnaaIbHO-Pa3HOCTHBIX YPAaBHEHUI B YaCTHBIX MPOH3BOIHBIX MO/ JAelicTBHEM
BHEUIHUX BO3MYIeHUH THNa ciaydaiinbix BesnuuH / T.O. Jykamus, U.B. FOpuenko, B.K. Scunckmii /
Kubepretnka u cucreMubiii anamus. 2020. Tom 56, Ne 2. C. 157-165.

In.: 0. Tabn.: 0. Bibmiorp.: 8 Ha3s.

AHHOTalll/lﬂ. l'lonyqem,l HGOGXOZ[I/IMLIC 1 10CTAaTO4YHBIC yCIIOBUA yCTOﬁ‘{I/IBOCTH B CpEAHEM KBaJpaTu4-
HOM CHJIBHBIX pemeHMﬁ CTOXaCTUYCCKHUX I[I/IClZ)Cl)epeHLII/IaIILHO-paBHOCTHBIX ypaBHeHI/[ﬁ B YaCTHBIX IIPOU3BOJHBIX
C IOomapHO HE3aBUCHMBIMH BHCIITHUMU CﬂyqaﬁHLIMM BO3MYUICHUSMHU THIIA CJ'Iy‘IaI‘/’IHI)IX BCJIMYWH.

KiroueBble €J10Ba: CTOXaCTHUECKOE YpaBHEHUEC B YACTHBIX IIPOU3BOJAHBIX, yCTOﬁ‘IHBOCTL B CpE€aHEM KBaJpa-
TUYHOM, cnyqai/'mme BO3MYIICHUS.

IIpo HeoOXiaHi Ta gocTaTHI YMOBH CTiliKOCTI B cepeHbOMY KBAaJPAaTH4YHOMY JIHIHHUX CTOXaCTHYHHX
nudepeHiaIbHO-PI3HUIIEBUX PiBHSAHb Y YACTHHHHMX MOXiIHUX MiJ JAi€l0 30BHIlIHMX 30ypeHb THIY
Bunagkoux Beanuun / T.O. Jlykamis, I.B. FOpuenxo, B.K. flcuncbkmii / KiGepHernka Ta cHCTeMHHUN
anaimiz. 2020. Tom 56, Ne 2. C. 157-165.

Amnotanis. OnepxaHo HEOOXiHI Ta JOCTATHI YMOBH CTIHKOCTI B CEpEeAHBOMY KBaJPAaTUIHOMY CHIIBHHX
PO3B’SI3KIB CTOXaCTHYHMX TU(epeHIiaIbHO-PI3HUIICBUX PIBHSHb 3 YaCTHUHHUMH TOXIJHUMH 3 MOMApHO HE3a-
JICKHUMH 30BHIIIHUMH BHIIAAKOBUMH 30YPCHHSAMH THITy BHIIAIKOBHX BEIMYHH.

Ki11040Bi ¢J10Ba: cTOXaCTHYHE PIBHSHHS B YACTHHHUX TOXIJIHUX, CTIHKICTh B CEPEIHHOMY KBaJIPATHUYHOMY, BHU-
MaJIKOBI 30ypEHHSL.

On the necessary and sufficient conditions of the stability in the mean square of the strong solutions of
linear stochastic differential-difference partial derivative equations subject to external perturbations of
the type of random variable / T.O. Lukashiv, I.V. Yurchenko, V.K. Yasynskyy // Kibernetika i sistemnyj
analiz. 2020. Vol. 56, N 2. P. 157-165.

Abstract. We obtain the necessary and sufficient conditions for the stability in the mean square of the
strong solutions of stochastic differential-difference partial derivative equations with pairwise independent
external random distributions of the type of random variables.

Keywords: stochastic partial differential equation, stability in the mean square, random perturbation.

V]IK 519.6
OO ysI3BHMOCTH CJI0:KHBIX CeTeBBIX CTPYKTYP U cucTeM / A.Jl. Hoanmyk // KubepHernka u cHCTEMHBIN
ananu3. 2020. Tom 56, Ne 2. C. 166-176.

In.: 4. Tabm.: 0. Bi6miorp.: 23 Ha3Bu.
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AHHOTauuUs. PaccMOTpeHBI CTPYKTYpHBIH M (pyHKIHOHATIBHBIN TOAXOIBl K ONPEICICHUIO YSI3BUMOCTH
CJIOKHBIX CETEBBIX CTPYKTYp M CUCTEM K HETraTHBHBIM BHYTPEHHHM U BHELIHHM BO3JeHcTBUAM. BBeneHb! mous-
THsI TapaMEeTPOB BO3EHCTBUS U IOCPETHUUECTBA JIEMEHTOB CHCTEMBI, I03BOJIAIONINE ONpPEIeATh BaKHeHe
¢ (yHKIMOHAJIBEHOM TOUKH 3pPEHMS y3JIbl M pedpa ceTn u pa3pabaThiBaTh CLEHAPUH I WICHTU(GUKALMU CO-
CTaBJIIOIINX CHCTEMBI, OJIOKHPOBAHHE KOTOPBIX MOXKET NPUBECTH K HAHOOJBIIMM IHOTEPSM B IIpolecce ee
(YHKIHOHUPOBAHHS, a TAkKe KOJIUUSCTBEHHO OLCHUBATH OTU MOTEpH. [IpoaHanu3upoBaHa TyBCTBUTEIBHOCT
CHCTEMBI K MaJIbIM H3MCHCHUSIM B 00bEMaX JBIDKCHHUS IOTOKOB, 3HAUCHHS KOTOPBIX OIM3KM K KPHTHIECKOH 3a-
TPY’KEHHOCTH €€ COCTaBIAIOIHX. [lomydyeHHbIe pe3yIbTaThl MOTYT OBITH MCIIONB30BAHBI ISl yCOBEPLUICHCTBO-
BaHUs CYIIECTBYIOIIUX H Pa3paOOTKM HOBBIX METOJOB 3aLIUThI PEabHBIX CETEBBIX CUCTEM OT €CTECTBEHHBIX U
LITYYHBIX BO3JECHCTBUI pa3JIMUHBIX THIIOB.

KiioueBble c€lI0Ba: CIOXKHAs CETh, CETEBas CHCTEMa, MOTOK, YCTOWYHBOCTD, BIHSHHE, MOCPEAHHYECTBO.

IIpo ypa3iuBicTh CKJIAAHHX MepekeBHX CTPYKTYp Ta cuctem / O.J. Hoximyk // Kibepueruka Ta
cucremuuii ananiz. 2020. Tom 56, Ne 2. C. 166-176.

AnoTanisi. Po3risiHyTo cTpyKTypHUit Ta QyHKIIOHATBHUIT IIAXOAM 1O BU3HAYCHHS ypa3iIHBOCTI CKIAJ-
HHX MEPEKEBHX CTPYKTYP Ta CHCTEM JI0 HEraTMBHMX BHYTPILIHIX Ta 30BHIIIHIX BIUIMBIB. BBECHO MOHATTS Ia-
paMeTpiB BIUIMBY Ta IOCEPEJHHUITBA CIEMEHTIB CHCTEMH, SIKi HAJAalOTh 3MOTY BH3HAYaTH HANBaKIMBIII 3
(yHKLIOHATIBHOTO MOTJISLY BY3JIH Ta pedpa Mepexki Ta po3po0uisiTu cueHapii ans ineHTudikanii CKiaJoBUX CHC-
TeMH, OJOKYBaHHS SIKUX MOXKE MPU3BECTH 10 HaHOImbmX BTpaT y mpoueci 1i QyHKIIOHYBaHHS, a TaKOX
KUIBKICHO OLIHIOBAaTH 1ii BTpatH. IIpoaHanizoBaHO 4yTJIMBICTE CHCTEMH JIO MalMX 3MiH B 00’eMax pyxy Io-
TOKIB, 3HAYCHHS SIKUX € OJIIM3BKHMHU [0 KPUTHYHOI 3aBaHTa)KeHOCTi ii ckianoBux. OTpUMaHi pe3yibTaTn Mo-
XKYTb OyTH BUKOPUCTaHi [UIsl yJOCKOHAJICHHS HAsIBHUX Ta PO3POOJICHHS HOBHX METOMIB 3aXUCTy PeallbHUX Me-
PEXEBUX CHCTEM BiJ NMPUPOAHMX Ta IITYYHHX YPAXKCHb PI3HUX THIIIB.

KurouoBi cioBa: ckiagHa Mepexa, MepekeBa CHCTEMA, INOTIK, CTIHKICTb, BIUIUB, MOCEPEIHUIITBO.

Vulnerability of complex network structures and systems / O.D. Polishchuk // Kibernetika i sistemnyj
analiz. 2020. Vol. 56, N 2. P. 166-176.

Abstract. Structural and functional approaches to the determination of vulnerability of complex network
structures and systems to negative internal and external influences are considered. The concept of parameters of
influence and betweenness of system elements is introduced, which allows us to identify the most important from the
functional point of view nodes and edges of the network and develop scenarios for identifying those components of
the system whose blocking can cause greatest losses in the process of its functioning, and also quantify these losses.
The sensitivity of the system to small variations in the volume of flow movement, which are close to the critical
loading of its components, is analyzed. The obtained results can be used to improve the available methods and
develop new ones to protect real network systems from various natural and artificial damages.

Keywords: complex network, network system, flow, stability, influence, betweenness.

VK 621.391:519.2

OueHkH cToiikocTH cuMMeTpuuHoii mudpcucrembl Ring-LWE oTHocHTE/IbHO aTakM ¢ BBIOPAHHBIM
oTKpbITEIM TekeToM / C.M. HUrnatenxo // KubGepuernka u cucremublii anamms. 2020. Tom 56, Ne 2.
C. 177-181.

In.: 0. Tabn.: 1. Bibmiorp.: 5 Ha3s.

Annotanus. [ToyrydeHbl OLEHKH CTOMKOCTH cMMMeTpHuHOH mmdpceucremsl Ring-LWE oTtHOCHTENBEHO
aTaKy ¢ BHIOPAHHBIM OTKPBITBIM TEKCTOM, OCHOBAHHEIE Ha IPUMEHEHHH 0600menHoro aroputMa BKW. Haii-
JICHHBIE OLCHKH MO3BOJIIOT HEMOCPEACTBEHHO BHIOMPATh 3HAUCHHS NApaMeTPOB MIM(PCUCTEMBI, HCXOAS H3
TpeOOBaHUI K e CTOMKOCTH OTHOCHTEIBHO HM3BECTHBIX aTaK C BRIOPAHHBIM OTKPBITHIM TEKCTOM. BO3MOXKHOCTH
npumeHeHus: 06o6uenHoro anropurma BKW sBisiercs cyuiecTBeHHbIM (aKTOPOM, BIUSIOLIMM HA CTOHKOCTB
JTAaHHOW IIU(PCHCTEMbl OTHOCHUTENIBHO TAaKHX aTak.

Karouesblie cioBa: mudpcucrema Ring-LWE, araka ¢ BbIOpaHHBIM OTKPBITBIM TEKCTOM, OOOOICHHBII aJIro-
putm BKW, onenka croiikocTu.

Ouinky criiikocti cumerpuyHoi mmdpcucremu Ring-LWE BinnocHo ataku 3 migidpanum BiakpuTum
tekcroM / C.M. Irnarenxo // Kibepuernka ta cuctemuuit amamis. 2020. Tom 56, Ne 2. C. 177-181.

Anoranis. OTpuMaHO OIIHKM cTiiikocTi cumerpuuHoi mmdpeucremun Ring-LWE BinHOCHO aTaku 3
nijiOpaHUMHU BIIKPUTUMHU TEKCTaMU, sIKi 0a3yl0ThCsl Ha 3aCTOCYBaHHI y3aransHeHoro aropurmy BKW. Orpu-
MaHi OIIHKH Jal0Th 3MOTYy 0€3[0CepeIHbO BUOMPATH 3HAUYCHHS MapaMeTpiB MH(MPCUCTEMH, BUXOISYH 3 BUMOT
J10 11 CTIHKOCTI BiJTHOCHO BiZTOMHX aTaK 3 MiZiOpaHUMH BIIKPUTUMH TeKCTaMH. MOXKIIHBICTh 3aCTOCYBaHHS y3a-
ranpHeHoro anroputMy BKW € cyTreBuM (akTopoM Juisi BU3HAYEHHS CTIHKOCTI IIOCTKBAaHTOBHX LIH(PCUCTEM
Ty Ring-LWE BimHOCHO mux artak.

KumouoBi cioBa: mudpcucrema Ring-LWE, ataka 3 migiOpanuMu BiIKpUTHMH TEKCTaMH, y3arajJbHEHH anro-
putm BKW, ominka crifikocri.
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Security estimates of a Ring-LWE symmetric cryptosystem against chosen plaintext attack /
S.M. Ihnatenko // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2. P. 177-181.

Abstract. In terms of application of the generalized BKW algorithm, the estimates of security of
Ring-LWE symmetric cryptosystem against chosen plaintext attack have been obtained. These estimates allow
us to choose the cryptosystem parameters directly proceeding from requirements of its security against chosen
plaintext attacks. The ability to apply the generalized BKW algorithm is an important factor that affects the
cryptosystem security against chosen plaintext attacks.

Keywords: Ring-LWE cryptosystem, chosen plaintext attack, generalized BKW algorithm, security estimate.

MNPOI'PAMHO-TEXHIYHI KOMIIJIEKCH SOFTWARE-HARDWARE SYSTEMS

YIK 621.317+681.849

ObGocHoBaHHe NPHHIHUIHAIBLHON BO3MOKHOCTH INPHMEHEHHs] HEHPOHHBIX ceTeill IIyGOKOro ody4eHus
JUIsl TIOCTPOEHHsI CHCTeMbl BBISIBJICHHs cjieloB Hudposoii 00padoTrkn donorpamm / B.U. CoioBbes,
O.B. Pridansckuii, B.B. Kypageib // Kubepneruka u cucremusiit ananusz. 2020. Tom 56, Ne 2. C. 182—188.

In.: 4. Tabn.: 1. BiGmiorp.: 25 Ha3s.

Annorauus. Ha Monenu HelipoHHOU ceTH riy0oKoro oOyueHus 0OOCHOBaHA M MPOBEPEHA MPHHIMIH-
aJIbHAsI IPUTOAHOCTh JAHHON CeTH IJIs CO3AaHUS BHICOKOI()HEKTHBHOIO YKCIIEPTHOTO UHCTPYMEHTApUsl, Ipea-
HA3HAUCHHOT'O JUISl BBISABICHUS CIEIO0B LH(pPOBOH 00pabOTKH B (oHOrpamMmax. DKCHEPHMEHT MPOBEICH Ha
6oxnpiom obveme (Goee 100000) skcrepuMeHTaIbHBIX (parMeHTOB HeoOpabOTAHHBIX Tay3 (hOHOrpaAMM H
may3 co cieaMmu oOpabOTKH, TOTYYEHHBIX B aBTOMAaTHYECKOM peknme. HaiineHHble 3aBUCHMOCTH TOKa3alH,
4TO MPH TOpPOTe BeposTHOCTH cBhime (.55 mpaBMIIbHOM OMHAPHON KIacCH(UKAINK May3 BOSHHKAET BO3MOK-
HOCTh TIOCTPOCHHS BBICOKOO(()EKTUBHOIO HHCTPYMEHTApHs SKCIEPTH3BL

KuioueBble ciioBa: HeilpoHHAs ceTh INIyOOKOro 00ydYeHHs, TOYKH MOHTaxa, nudpoas odpadorka doHorpam-
Mbl, nudposas ¢oHorpamma, HH(POBOH MOHTaX, IKCIEPTH3A.

OOIpyHTYBaHHSI NPUHIUNOBOI MPHAATHOCTI HEHPOHHHX Mepe:k INIMOOKOr0 HABYAHHSA s MOOYI0BH
CHCTeMH BUSIBJIEHHS cJlifiB uupposoro oopodenns ¢onorpam / B.I. Conosiios, O.B. Pubanbchkuid,
B.B. Kypasean // Kibepuernka Ta cucremuuii anamiz. 2020. Tom 56, Ne 2. C. 182-188.

Amnotanisi. Ha Mozeni HeiffpoHHOT Mepeski IIHO0KOro HaBYaHHsI OOIPYHTOBAHO 1 MEPEeBIPEHO IPHHIIUIIO-
By IPHUAATHICT TaKOi MEPexXi MUl CTBOPEHHSI BUCOKOE(EKTHBHOIO EKCIEPTHOrO 1HCTPYMEHTapiro, Mpu3Hade-
HOTO IS BUSIBJICHHS CIIJiB IE(poBOro oOpodieHHs y ¢oHorpamax. ExcriepuMeHT IpOBEACHO Ha BEIHKOMY
o0cs3i (0imbmie 100000) excriepuMeHTaNbHUX (GparMeHTiB HeoOpoOiIeHuX may3 ¢oHorpam i mays i3 ciigamu
00poOJICHHS, OTPUMAHMX B AaBTOMATHYHOMY pexumi. OTpUMaHi 3aJeKHOCTI MOKA3ajld, L0 3a MHOpPOry
iimoBipHocTi monan 0.55 mpaBmibHOI GiHapHOi Kiacudikanii may3 BUHHKAE MOXIUBICTb MOOYIOBH BHCOKOE-
(DEeKTHBHOTO THCTPYMEHTApII0 eKCIIEePTH3H.

KuirouoBi ciioBa: HeifpoHHa Mepeka rIMOOKOTO HaBYaHHS, TOUYKHM MOHTaxXy, udpoe oOpodineHHs (oHorpa-
My, nudposa (oHorpama, HUGPOBUI MOHTAX, EKCIEPTU3A.

Substantiating the fundamental fitness of deep learnng neuron networks for construction of a system for
detecting traces of digital treatment of phonograms / V.I. Solovyov, O.V. Rybalskiy, V.V. Zhuravel //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2. P. 182-188.

Abstract. On the model of a deep learning neuron network, the authors substantiate and verify ptincipal
applicability of such network to create a highly efficient expert tool intended to detect traces of digital treatment
in phonograms. An experiment is conducted on a large volume (more than 100,000) of experimental fragments
of untilled pauses of phonograms and pauses with traces of treatment, obtained in the automatic mode. The
obtained dependences showed that for the probability threshold over 0.55 correct binary classification of pauses
there is a possibility of constructing a highly efficient tool of examination.

Keywords: deep learning neuron network, points of editing, digital treatment of a phonogram, digital
phonogram, digital editing, examination
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LesiounciaeHHbie MOAM(DUUNPOBAHHBIE CHHYCHBIE NpPeodpa3oBanus. MeTo] MOCTPOeHHs H pa3jejbHble
HanpaBJieHHble AJaNTHBHbIe Npeodpa3oBaHusi Isl  iNntra-MporHo3MpoBaHUsT B  KOXHPOBAHHH
uzoépaskenuii/Bugeo / JI.A. l'natus // Kubepneruka u cucremusiii ananus. 2020. Tom 56, Ne 2. C. 189-202.

In.: 0. Tabm.: 10. BiGmiorp.: 33 Ha3Bm.

AnHoTtanus. [Ipemioxken MaTpUYHBIM METOX IOCTPOCHHS LEIOYHCICHHOTO MOAH(GHIMPOBAHHOTO CH-
HycHOro npeo6paszopanus tuna VII mopsiaka 8, Ha 0CHOBE KOTOPOTrO MOCTPOEHHI ABA LEIOUHCICHHBIX Ipeobpa-
30BaHMSA M Pa3pabOTaHBl aJIrOPUTMBI OBICTPOTO BBIMOIHEHHS 8-TOYEUHBIX LIEJIOYHUCICHHBIX MOAM(UIHPOBAH-
HBIX CHHYCHBIX npeoOpasoBanuii thma VII, TpeOyroluue BBITOJHEHHS TOJBKO LEIOYHCICHHBIX ONEpaldii.
AJNTOPUTMBI UMEIOT HU3KYIO BBIYHCIHUTEIIBHYIO CII0KHOCTB, KoTOpast B 4,5 1 10,9 pa3 MeHbIlIE 110 CPaBHEHUIO €
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H3BECTHBIM aJITOpUTMOM. [IpeoOpa3zoBaHus UMEIOT 00Jiee BHICOKHE XapaKTEPUCTUKH A(P(HEKTUBHOCTH KOAUPO-
BaHMs 0 Ka4YECTBY CTEIEHH CXKATHs, YeM H3BECTHBIC CHHYCHbIE NpeoOpa3oBaHus. Pa3paboTaHbl alropuTMbl
OBICTPOro BhINONHEHUS 2D 8-TOUeUHbIX pa3/iesIbHbIX HAIPABICHHBIX 1I€JIOYMCIEHHBIX KOCHHYCHOTO U MO (DU-
LHPOBAHHBIX CHHYCHBIX aJaNTHBHBIX MPeoOpa3oBaHMil MUl intra-MpOrHO3UPOBAHKS HU3KON BBIYUCIUTEIBLHON
CIIO)KHOCTH, KoTOopast B 4,62 u 8,24 pa3 MeHblIE 10 CPABHEHUIO C M3BECTHBIMH aJrOPUTMAMHU.

KiioueBble clioBa: IHCKPETHOE KOCHHYCHOE TIPE0Opa3oBaHue, AUCKPETHOE CHHYCHOE MpeoOpa3oBaHue, 1emo-
YHCICHHOE KOCHHYCHOE Mpeobpa3oBaHue, HEeT0YHCICHHOS CHHYCHOE MPeodpa3oBaHme, EIOINCICHHOS MO/IH-
(huLHpoBaHHOE CHHYCHOE PeoOpa3oBaHue, pasielbHOe HAPABICHHOE aJallTHBHOE IPe0Opa3oBaHue, MO103a-
BHCHMOE HAIIpaBJICHHOE IIPe0Opa3oBaHie, ObICTPOE BBHIOJIHEHHE IPE0Opa3oBaHysl, MacIITAOUPOBAaHHOE IPE0s-
pasoBaHue, intra-mporHO3MPOBaHKE, BHACOKOAMpoBaHKe, H.265.

HinounciaoBi moaudikoBani cuHycHi neperBopeHHsi. Meroa mnoOya0BH i po3aiabHI HampasiieHi
aJanTHBHI NepeTBOpeHHs ISl intra-mporHo3yBaHHsi B KoxyBaHHI 300paskenb/Bineo / JI.O. I'matiB //
Kibepuernuka ta cucremunii amami3. 2020. Tom 56, Ne 2. C. 189-202.

AHoTauis. 3anpornoHOBaHO MAaTPUYHHN METO]| MOOYJOBH LIJOYUCIOBOTO MOAN(IKOBAHOTO CHHYCHOTO
neperBopenHs tuny VII nopsaky 8, Ha OCHOBI SIKOro OOy JOBaHO JiBa LIJIOYMCIIOBI IEPETBOPEHHS 1 po3podiie-
HO QJITOPUTMH IIBUJKOIO BUKOHAHHS 8-TOYKOBHX IIJIOYUCIOBHX MOAN(DIKOBAHUX CHHYCHHUX IIEPETBOPCHb TUITY
VII, siki noTpeOyroTh TiIbKM LIIOUMCIOBUX OINEpalliif. AIrOPUTMH MarOTh HU3bKY OOUMCIIOBAIIBHY CKJIA/IHICTB,
sika B 4,5 1 10,9 pa3u MeHIIa MOPIBHSHO 3 BITOMHM alropuT™MoM. IlepeTBopeHHs MaloTh OLIBII BUCOKI XapakTe-
PHUCTUKH €(pEeKTUBHOCTI KOTYBAaHHS 3a SIKICTIO 1 CTyIEHEM CTHCHCHHS IIOPIBHSHO 3 BIIOMHMH CHHYCHHMH Iepe-
TBOPEHHSIMH. P0O3pOGIICHO aIrOPHTMH IIBUIKOTO BUKOHAHHS 2D 8-TOYKOBHX PO3AINBHUX HAIPABICHUX LJIO0-
YUCIIOBUX KOCHHYCHOTO i MOH()IKOBAaHHX CHHYCHHX aJaNTUBHUX NIEPETBOPECHb IS intra-IpOrHO3yBaHHS HU3b-
Kol OOUHCITIOBANIBHOI CKIAAHOCTI, sika B 4,62 1 8,24 pa3u MeHIIa MOPIBHSHO 3 BiJOMHUMHU aarOPUTMAMH.

KiiouoBi c1oBa: guCKpeTHE KOCHHYCHE HEPETBOPEHHS, AUCKPETHE CHHYCHE IIEPETBOPCHHS, LIOUHCIOBE
KOCHHYCHE TEPETBOPEHHS, LIIJIOYHCIIOBE CHHYCHE MEPETBOPEHHS, IIJIOYUCIOBE MOJH(DIKOBAHE CHHYCHE Iepe-
TBOPCHHSI, PO3/IiJIbHE HATIPABJICHE aJaNTUBHE IIEPETBOPEHHS, MO/I03aJIC/KHE HAIPABIICHE IEPETBOPCHHS, HIBH/I-
K€ BUKOHAHHSI IEPETBOPEHHS, MaclITabOBaHe IIEPEeTBOPEHHs, intra-IporHo3yBaHHsl, BigeokoayBanus, H.265.

Integer modified sine transforms. A construction method and separable directional adaptive transforms
for intra prediction in image/video coding / L.O. Hnativ // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2.
P. 189-202.

Abstract. The author proposes a matrix method for constructing a modified order-8 integer sine
transform type VII. Based on the method, two modified order-8 integer sine transforms type VII are constructed
and algorithms for fast implementation at 8-point modified integer sine transforms type VII are developed,
which require only integer operations. These algorithms are of low computational complexity and their
computational complexity is 4.5 and 10.9 times less than for the well-known algorithm. These transforms have
higher coding performance for quality and compression ratio than the well-known sine transforms. Algorithms
for fast implementation of 2D 8-point separable directional integer cosine and modified sine adaptive
transforms for intra prediction with low computational complexity are developed, and their computational
complexity is 4.62 and 8.24 times less than that in the well-known algorithms.

Keywords: discrete cosine transform, discrete sine transform, integer cosine transform, integer sine transform,

modified integer sine transform, separable directional adaptive transform, mode-depended directional
transform, fast implementation transform, scaled transform, intra prediction, video coding, H.265.
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